Abstract The present study signifies the development of a unique, optimized procedure for both selective determination and separation of different flavonoid nutraceuticals from edible plants. Totally ten different flavonoids were determined (HPLC-DAD) and isolated from five different plants using the developed process with a remarkable purity of 91-98% and recovery of 88-95%. Box-Behnken experimental design model yielded a optimized amount of 40.36 mg/g of AI extract (Pinostrobin) and 28.95 mg/g of AI extract (Baicalein) with a high correlation coefficient (0.98-0.99), indicating a good fit between the second order regression model and the experimental observations. The final purity of compounds through optimized process is 97.1% (Pinostrobin) and 93.5% (Baicalein) respectively. The optimized yields depicted a total recovery of 92% for pinostrobin, and 89% for Baicalein respectively. Thus, the developed process worked as a potential alternative which when statistically optimized results in a remarkable recovery of flavonoids from various plants. Being an environmentally friendly protocol the process could be useful in industrial separation of commercially important flavonoids widely applied in food industry.
Introduction
Today's world is witnessing rapid discoveries in the domain of novel plant molecules and their applications. These molecules are launched into the pharmaceutical arcade either as therapeutics or as functional foods. Functional foods comprising food supplements, nutraceuticals etc. are becoming progressively popular under the new consumer perspective 'Natural is good'. Since, natural products possess high specificity to interact with biological targets, they have been relentlessly researched upon to act as or as part of food to exploit their wide advantage with regards to sensory delight (colour and taste), nutrition, therapeutic efficiency without compromising safety. A significant portion of these plant based nutraceuticals is comprised by flavonoids-a class of colourful bioactive plant molecules. One of such bioactive molecules is Baicalein-a flavonoid usually rich in Scutellaria baicalensis, which is commercially projected supplement for liver health with commercial products like 'Deep liver support' and 'liver health' from Gaia Ò herbs being marketed. Also, its potency as health supplement to treat Alzheimer's disease is also being developed (Choi et al. 2013) . Similarly, Pinostrobin is a bioactive flavonoid which is been marketed as health foods and as nutraceuticals. Health food products like Organika Ò Bee Propolis liquid, Himalaya Ò Soliga Forest Honey, Amazon Herbs Ò etc. contain significant amount of this flavonoid (Sayre and Davies 2013) . Nevertheless, most of the flavonoids discovered and isolated from plants till date are being commercialized for their applications in food industry. Since all the plants used in the present study are edible, the flavonoids isolated from them could be applied for their use as nutraceuticals in food industry.
Therefore there is a certain need to continue research in establishing commercial health products containing flavonoids. However, the frustrating efforts to isolate pharmaceutically pure molecules (including flavonoids) so as to depend on its specific bioactivity is due to its cumbersome and inefficient separation processes. In general, plant extracts are initially screened for the presence of desired molecule (Budax 2016; Gomathi et al. 2015) and then further purification is done by extraction and chromatographic methods (Moorthy et al. 2014; Satyan et al. 2012; Subramaniam et al. 2014 ). These protocols comprise handling of large volumes of harmful volatile solvents making the whole extraction process labourintensive and time consuming and therefore, many novel extraction procedures are developed which are environment friendly and more efficient (Wang et al. 2016; Arvindekar et al. 2015; Subramaniam et al. 2015a, b and c; Ravanfar et al. 2015) . Although considerable developments have been made in analytical quantification cum separation processes yielding better resolution and low solvent consumption (Maran and Priya 2016; Liu et al. 2016; Qiu et al. 2016; Kumar et al. 2016 ) the total isolation of pure molecules from crude extract which contains only around 1% of the active molecule is still a major bottleneck in phyto-molecule isolation (Mansson et al. 2010) . Especially, when the molecules find their utility in food products, the process employed for their isolation demands safer and ''greener'' routes. Therefore, the essentiality for development of non-conventional, environment friendly (green) analytical and isolation processes which are easy to operate is clear.
The present work is about an efficient analytical technique cum separation process developed to selectively determine and isolate pure commercially important flavonoid nutraceuticals from various plants. The current method is a more efficient and environment friendly process adapted from our previous study on extraction optimization of flavonoids from S. violacea . The method initially exploits the extracting ability of aqueous isopropanol (a green solvent [Yilgor et al. 2003 ]) which produces extract enriched with desired flavonoids. Then, alkaline extraction at pH 12 is done, selectively solubilizing the flavonoids, followed by neutralization which precipitates the lead flavonoids at different pHs thus providing a complete 'green' route for flavonoid isolation. To the best of our knowledge, there has been no previous reports on the developed technique employed for flavonoid determination and isolation.
Materials and methods

Chemicals and plant material
Scutellaria violacea (Leaves), Allium cepa (leaves), Oroxylum indicum (Leaves), Scutellaria wightiana (Leaves), were obtained from dense tropical forests of Western Ghats, Nilgiris and ornamental gardens in and around Nilgiris, India. Citrus paradisi (Fruit rind) was obtained from local market in Thanjavur, India. The plant was authenticated by Dr. Jayendran, Department of Botany, Government Arts College, Ootacamund, India. A voucher specimen of all plant samples were deposited in Government Arts College, Ootacamund, India. The plant parts were shade dried and ground to semi-coarse powder and directly used for solvent extraction. Extracts were prepared using Isopropanol/water (1:1v/v). Sodium hydroxide (NaOH), Hydrochloric acid (HCl) was purchased from Merck Ltd., India. Pure flavonoid molecules (standards) were obtained from Tokyo chemical industry, Japan.
Analytical methods
Purity of the product obtained from extraction experiments was analysed by High performance liquid chromatography (HPLC). Commercial grade of compounds were used as standards for the experiments. An Agilent 1200 Series HPLC system (Waldbronn, Germany) with a G1315D diode-array detector was used. Samples (20 lL) were injected into Phenomenex Kinetex XB-C18 column (75 mm 9 3 mm, 2.6 lm). The mobile phase consisted of 10 mM Ammonium formate (NH 4COOH) in water: Acetonitrile (98:2) (A) and 10 mM Ammonium formate (NH 4COOH) in water: Acetonitrile (2:98) (B). The flow rate was maintained at 1.0 mL/min. The HPLC analysis was done at each step of developed process to determine the amount of flavonoids. 1H NMR, and 13C NMR spectra of finally purified compounds were determined on a Bruker-300 NMR spectrometer and chemical shifts were expressed as parts per million against TMS as internal reference. The final purity (%) of extracted compounds was also analysed using HPLC-DAD system.
Analytical quantification of flavonoids
Initial studies on development of analytical protocol were done with S. violacea which contains two major flavonoids Baicalein and Pinostrobin. The HPLC-DAD profile of aqueous isopropanolic extract (AIE) was compared with those of standard Baicalein and Pinostrobin. Later, process for selective extraction of flavonoids was developed based on observations obtained for standards. Briefly, standard flavonoids were dissolved in water at different pH and the solubility of both the flavonoids were measured by withdrawing sample at definite time intervals. The alkaline extract obtained was neutralized with HCl (2 N) which afforded to produce precipitates (Baicalein and Pinostrobin) at different pH.
Based on optimum parameters obtained above, the AIE of S. violacea was solubilised in water at pH 12 to give alkaline extract (AE). The AE was analysed by HPLC-DAD for the flavonoid content. The AE was then neutralized with HCl (2 N) which afforded to produce precipitates at different pH. The precipitates obtained were filtered, washed and analysed for their amount and purity.
The same protocol was applied in determination of eight more flavonoids from four more plants, Allium cepaQuercetin and Kaempferol, Oroxylum indicum-Chrysin and Baicalein, Scutellaria wightiana-Negletein and Techtochrysin, Citrus paradisi-Naringenin and Naringin.
Separation of the flavonoids
The protocol used for analytical quantification of flavonoids was subsequently modified and parameters were optimized to yield pure flavonoid molecules. For extraction of Baicalein and Pinostrobin, solvent extracts (AIE) were suspended in a completely baffled cylindrical glass vessel (500 ml) with six-bladed turbine impeller (i.d: 2 cm). The concentration of NaOH was added so as to maintain a pH of 12 throughout the experiments. The suspension was vigorously agitated at 400 rpm for 3 h. Samples were withdrawn at definite time intervals and analysed for the amount of both the compounds. At the end of extraction, the clear solution containing the metabolites was filtered under vacuum. A greenish yellow colour filtrate was obtained. The insoluble sticky residue was washed with 10 ml of NaOH solution, filtered and mixed with the filtrate. The filtrate was neutralized with HCl (2 N) which afforded to produce precipitates at pH 9 and 7. The precipitates obtained were filtered, washed and analysed for amount (weight) and purity (HPLC). The process was further applied similarly for isolation of eight flavonoid molecules from four different plants.
Studies on influential parameters
The optimization experiments were tried on extraction of baicalein and pinostrobin from S. violacea. Parameters such as concentration of NaOH (X 1 ), temperature (X 2 ), solid loading (X 3 ), agitation (X 4 ), time of extraction (X 5 ), pH of extraction and pH of precipitation (X 6 ) were studied for their influence on final yield and purity of compounds. The experiments were conducted separately in fully baffled glass container (50 ml) with impeller (i.d: 2 cm) and the parameters were identified for the possible influence.
Response surface methodology
The influential parameters were identified from preliminary experiments based on their effect on target response (yield of flavonoids). Consequently, only parameters such as Concentration of NaOH (%), Temperature (°C) and Solid loading (%) (three factor) and three levels (-1, 0, ?1) from their scanned range were considered for Box-Behnken method based experimental design to obtain the standard set of experiments for RSM based modelling and optimization. three factors and three levels Box-Behnken design generated 15 set of experiments/runs which were carried out with three replicates and the average is depicted in Table 1 . To minimize the effects of inexplicable variability in the observed response due to inessential factors, the order of experiments were randomized. Experimental data thus obtained were fitted in second-order polynomial model and regression coefficients were determined as in Eq. (1).
where, Y is the predicted response factor, b 0 is the intercept and b i, b ii, b ij are regression coefficients for linear effects, regression coefficients for squared effects, regression coefficients for interaction effects and X i and X j are the parameters, respectively.
Statistical analysis
Results obtained were expressed as the mean ± standard deviation of the replications. Results obtained in experimental run generated by Box-Behnken design were expressed as mean of replicates. Response surface methodology based model fitting and statistical analysis was performed using Design Expert (release 9.0.3.1; StateEase, Inc., Minneapolis, MN, USA). An analysis of variance (ANOVA) was performed to determine the significant levels defined at p \ 0.05, p \ 0.01 and p \ 0.001. The corresponding extracts were analysed for the dependent variables (responses): amount of Pinostrobin (Y 1 ) and Baicalein (Y 2 ). Mean values were analysed using least-square regression and fitted to the generalized secondorder polynomial model (Eq. 1) to all of the dependent Y response variables. Response surfaces plots were developed using reduced fitted polynomial models which allows the relationship between the experimental levels and the response of each factor to be examined and the optimum conditions to be recognized.
Results and discussion
Analytical quantification of flavonoids
The AIE of S. violacea contained both the flavonoidsbaicalein and pinostrobin as major metabolites along with other undesired compounds. The analytical method was developed by performing the studies using standard bacalein and pinostrobin. To comprehend the behaviour of alkaline extraction process, the effect of pH on solubility of target compounds was initially analysed. For this, the solubility of pure compounds in alkaline water at different pH was studied as given in Fig. 1 . The pattern shows increase in solubility of both the flavonoids with increasing pH till 12. Based on these observations pH-12 was taken for further optimization and batch extraction while developing the further isolation process.
Thus, to extract the flavonoids from other impurities alkaline extraction method was developed which selectively solubilized the flavonoids leaving major impurities in the solution. The further neutralization of extract precipitated the flavonoids. Remarkably, the developed analytical protocol worked in determination of flavonoids from four more plants (Allium cepa, Oroxylum indicum, Scutellaria wightiana, Citrus paradisi). These observations are depicted as HPLC-DAD chromatograms in Fig. 2 and Figs. S1-S4. All the plants in current study contain flavonoids that are used widely in food industry as commercial nutraceuticals. However, conventional extraction procedures lead to poor yields of these flavonoids due to loss in purification steps. The current process was developed to evade this problem of low yields.
Separation of the flavonoids
The above analytical process developed was applied to a batch extraction process to investigate its potential to isolate the target flavonoids. Initial batch extraction was done with dry plant material (DM) of S. violacea. The 3 h isolation process yielded two precipitates-baicalein (2.8 mg/g of DM) and pinostrobin (3.9 mg/g of DM). Both Baicalein and Pinostrobin are hydrophobic molecules containing hydroxyl groups (-OH). However, Pinostrobin (clog P = 3.63) is more hydrophobic than baicalein (clog P = 3.0). At higher pH, ionisation of these molecules can occur due to de-protonation of these -OH groups, and thus they may get solubilized in alkaline water. This complete solubilization occurred at pH 12 as observed in our experiments (Fig. 1) . Since, increase in pH dissolved these otherwise hydrophobic compounds, the expectation that reducing the pH could aid in re-protonation of -OH groups leading to selective precipitation was attempted. Consequently, the assumed behaviour drove the selective precipitation of both the compounds. Pinostrobin started to precipitate mildly at pH 10 and completely precipitated at pH-9. The precipitated Pinostrobin was separated and the extract was further neutralized with dil. HCl. Baicalein precipitated at pH 7 completely Recovery is calculated as amount of compound recovered through process against amount of compound present in plant extract as calculated through HPLC a Calculated through HPLC-DAD (Fig. S17 ).This selective precipitation at different pH is possible, plausibly because (1) the predicted pKa value (Szegezdi and Csizmadia 2007) of pinostrobin is around 8.69 and for baicalein, its pKa 1 values is around 6.76. Therefore Pinostrobin gets re-protonated to its native form around pH 9 based on its content present in solvent extract. (2) Also, pinostrobin is more hydrophobic than baicalein as stated before which makes it less soluble in neutralized water (pH 7) than baicalein and (3) the abundance of pinostrobin (4.1%) is more in the initial solvent extract than baicalein (2.9%) which establishes a concentration gradient aiding pinostrobin. Thus, collectively pinostrobin precipitates first from the solution at pH 9-10 and baicalein at pH 7-8. This behaviour was tactfully exploited (Waggle and Bryan 1998) in the current developed process to successfully analyse and isolate baicalein and pinostrobin with significant purity. Similarly in Citrus paradisi, the naringin is a flavonoid glycoside-a much more polar molecule (hydrophilic) than Naringenin which led in establishment of pH gradients and thus were precipitated at different pH. The same phenomenon was utilized to isolate other flavonoid molecules from other plants in the current study. It was surprising to observe that a single developed process worked remarkably well in isolation of different molecules with different polarities from different plants without compromising the purity. The precipitated molecules were immediately separated, dried and analysed. The yield and purity of isolated molecules are depicted in Table 1 . The isolated compounds were freeze dried and analysed using Nuclear Magnetic Resonance (NMR) spectrometry to elucidate their chemical structures ( Fig. S5-S13 ) which corroborated with literature reports (Ching et al. 2007; Ronald et al. 2005) .
Studies on influential parameters
To further optimize the parameters that affect the overall developed process, initial optimization studies considering 'one variable at a time' approach was used to determine which set of parameters did really influence the yield of flavonoids. Since the whole process developed was to solve a potential problem of yield obtained from plant matrices, efforts were made at every point of the process to assess any parameter that affects yield (without compromising the purity) and was successively exploited to increase the overall yield. Subsequently, the results are shown in Fig. S14 , the effect of parameters such as concentration of NaOH, Temperature, Solid loading and agitation were analysed against yield (%) of both the flavonoids from S.
violacea. Observations depict that 2% NaOH, 40°C, 6% solid loading and 400 rpm of agitation gave maximum yield of compounds. The yield pattern decreased after reaching maximum value except for agitation where it remained stationary (linear). The similar linear pattern was observed when effect of time was studied on yield % of compounds. The maximum time required for complete extraction was 3 h (Fig. S15) . Thus, three parameters were found to influence the extraction process significantly: Concentration of NaOH (X 1 ) (%), Temperature(X 2 ) (°C), and solid loading (X 3 ) (%) which were considered for RSM based modelling and optimization.
Response surface methodology
Applying the Box-Behnken design, the second-order polynomial quadratic response equation (Eq. 1) was used to establish a mutual relationship between the response dependent variables and independent parameters which based on the coded factors was established according to the equation below. 
The Box-Behnken matrix, the observed experimental results for separation of flavonoids and their yield are summarized in Table S1 . Analysis of variance (ANOVA) was used to systematically evaluate the statistical significance of quadratic model. The results of ANOVA for yield of compounds are depicted in Table S2 and S3 whose statistical interpretations reveal that the regression model has a high coefficient of determination for pinostrobin and baicalein respectively, (R 2 = 0.991 for both). Also, the R 2 adj (0.98 for both) value explains significance of the model. The non-significant difference between R 2 and R 2 adj values depicts the desirability of the current model. In addition, low coefficient of variation was observed (1.26, 2.25) indicating good reliability for the experiments of the process. In the present study, F values are greater and p values are much lesser as depicted in Table S2 , implying that most of the coefficients obtained are significant in the model.
The statistical coefficients and corresponding standard error are depicted in Table S3 . The corresponding F values for coefficients indicate that the Solid loading (X 3 ) produces the largest effect in extracting both pinostrobin and baicalein in the process (F value: 40, 74.56) . It was followed by Concentration of NaOH (X 1 ) (F value: 22.5, 63.53) . Temperature (X 2 ) had the least effect. The outcomes of the lack of fit test for the models are depicted in Table S4 relating the deviation in the data around the fitted model. In present case, the F value for lack of fit test is 0.645 (pinostrobin), 0.172 (baicalein) and is not significant implying that the models sufficiently describe the obtained data. Three-dimensional response surface plots were plotted based on obtained model equation to assess the interaction among the operational factors and to determine the optimum values of each parameter. The effects of influential parameters on yield of flavonoids are shown in Fig. 3 and Fig. S16 . The yield of metabolites increases with increase in factor levels up to moderate level (0) and then decrease. For example, in Fig. 3 , interaction between Concentration of NaOH (A) and Temperature (B) is plotted where, yield of metabolites increases as A increases from 1 to 2% and then decreases. Similarly, as Temperature (B) reaches 40°C, the yield reaches maximum and then decreases. This phenomenon is seen in all the surfaces drawn based on interaction effects of different factors.
Usually numerical optimization method is used for optimization in which a desirable value for each input factor and response can be selected (Amini et al. 2008) . Using these conditions, the maximum achieved amount of pinostrobin was 40.36 mg/g of extract and 28.95 mg/g of extract for baicalein respectively at 2.13% of NaOH, 42.5°C and 8% of solid loading at 400 rpm agitation for 3 h. These results indicate an acceptable fit among the obtained data and the desirability of the model at all points. An additional experiment was carried out to confirm the amount of compounds yielded at optimized conditions which were 40.5 mg/g of extract (Pinostrobin) and 28.9 mg/g of extract (baicalein) ( Table S5 ). This was in accordance to predicted values stated above. The statistically optimised process led to an increase in yield of 8.3% (Pinostrobin) and 15.6% (baicalein) compared to nonoptimized process depicting the need for parametrical optimization. Similar statistical optimization techniques could therefore depict an overall increase in yield and recovery of molecules under study.
Thus, the developed protocol for selective extraction, subsequent enrichment and analysis of flavonoids works remarkably for determination of flavonoids using HPLC-DAD from various plants. Also, the isolation process developed on the concept of above analytical protocol which works in isolating ten different flavonoid molecules from five different plants (Fig. S18) . The applicability of the current process demands further research and has to be studied for other plants as well. The above application along with the statistical optimization in the current work done only for process applied to S. violacea which needs to be extended to other plants also, will be assessed in the forthcoming paper.
Conclusion
In the current study, a unique analytical protocol (HPLC-DAD) for determination of flavonoid nutraceuticals from various plants was developed. Further, batch mode pH based separation process for isolation of ten molecules from five plants was developed with significant recovery (88-95%) and purity (91-98%). Studies were steered to find out the selective ability of pH based separation method in isolating significantly pure flavonoid molecules. Analyses of the response surfaces were carried out as a function of concentration of NaOH (X 1 ), temperature (X 2 ), solid loading (X 3 ) and for the resulting model, ANOVA demonstrated a high correlation coefficient (R 2 = 0.998) indicating a good fit between the second order regression model and the experimental observations. Optimal conditions obtained through RSM, yielded a maximized amount of pinostrobin (40.5 mg/ g of extract) and baicalein (28.5 mg/g of extract). The developed technique is totally environment friendly from usage of solvents to applied methodology, thus potentiating its applicability of isolated flavonoid molecules in food industry. The optimizations were driven towards maximizing the recovery of compounds without compromising the isolated purity. The developed technique perfectly exploits the properties of all the compounds under current study to increase the recovery and purity, thus indicating its robustness. The operational parameters optimized elucidate the lowest cost needed in extraction process thus, providing an efficient, rapid and cost-effective method for analytically determination and isolation of commercially important flavonoid nutraceuticals from plants.
